Charmed baryons are an excellent system to study quark dynamics, especially possible diquark correlations in baryons, as they consist of one heavy charm quark and two light quarks. There are a few dozens of states known so far, but in most cases their quantum numbers have not been determined experimentally [1] . For ground states and low-lying states with excitation energies up to about 400 MeV, classification by quark models still works well and plausible quantum numbers can be given. However, for higher excitation energies, unique identification is not possible because quark models predict several states within their typical mass uncertainties of around 50 MeV/c 2 [2] [3] [4] . Λ c (2765) + /Σ c (2765) + (for the notation, see note [5] in the reference section) is the lightest charmed baryon for which there is no assumed quark-model identification. It was first observed by CLEO [6] in the Λ + c π + π − final state and later reported by Belle [7] in the Σ ++/0 c π ∓ final state. The experimental status is very poor: the spin, parity and isospin are not determined yet and CLEO did not determine the uncertainty on its width.
In a quark model calculation by Capstick and Isgur [2] , there are six states predicted in this mass region, one state each for I(J P ) = 0(1/2 + ), 0(1/2 − ), and two states each for
On the other hand, in the most recent quark model calculation by Yoshida et al. [4] , the I = 0 states are found in the higher mass region, while the I = 1 states are still in the range of 2765 ± 50 MeV/c 2 . In addition, there are many theoretical calculations in various models (for example [3, [8] [9] [10] [11] [12] [13] [14] [15] ), and almost any combination of I = 0 or 1, J = 1/2 or 3/2, and P = + or − seems to be possible. Therefore, the nature of Λ c (2765) + /Σ c (2765) + is quite controversial and experimental determination of its quantum numbers is awaited.
In this paper, we present a determination of the isospin of Λ c (2765) + /Σ c (2765) + by searching for the possible isospin partners of the state in the decay modes to Σ c (2455)
THE BELLE EXPERIMENT AND THE DATA SET
We use a dataset of 980 fb −1 of integrated luminosity around √ s = 10.6 GeV collected by the Belle detector at the KEKB asymmetric-energy e + e − collider [16] . The Belle detector is a large solid-angle magnetic spectrometer that consists of a silicon vertex detector (SVD), a 50-layer central drift chamber (CDC), an array of aerogel threshold Cherenkov counters (ACC), a barrel-like arrangement of time-of-flight scintillation counters (TOF), and an electromagnetic calorimeter comprised of CsI(Tl) crystals (ECL) located inside a superconducting solenoid coil that provides a 1.5 T magnetic field. An iron flux-return located outside of the coil is instrumented to detect K 0 L mesons and to identify muons. The detector is described in detail elsewhere [17] . Two inner detector configurations were used. A 2.0 cm radius beam-pipe and a 3-layer silicon vertex detector were used for the first sample of 156 fb −1 , while a 1.5 cm radius beam pipe, a 4-layer silicon detector and a small-cell inner drift chamber were used to record the remaining 824 fb −1 [18] . We use a Monte Carlo (MC) simulation to model the detector response and its acceptance to obtain the reconstruction efficiency, the mass resolution for signals and feed-down signals. The MC events are generated with PYTHIA [19] , decays of unstable particles are simulated with EVTGEN [20] , and the detector response is simulated by using GEANT [21] .
baryons are reconstructed using the Λ + c → pK − π + decay mode (the inclusion of the charge-conjugate modes is implied throughout this paper). For the primary selection of charged particles, we use the same track quality and particle identification as the Λ c (2880)
+ study by Belle [7] . In addition, in order to reject duplicated tracks, when there are multiple tracks of the same particle species (pion, kaon, or proton), we check the invariant mass of each track pair. If the invariant mass is smaller than 0.28 GeV/c 2 , 0.989 GeV/c 2 , and 1.878 GeV/c 2 for pion, kaon, and proton pairs, respectively, one of the tracks is rejected by the track quality. This selection reduces the number of Λ + candidate M, is required to be greater than 0.8 to reduce combinatorial backgrounds. To improve the invariant mass resolution, we perform a common vertex fit to each Λ Fig. 1 The yield for Λ c (2765
is determined by a fit to Fig. 1(b) using Breit-Wigner functions for Λ c (2765) + , Λ c (2880) + , and Λ c (2940) + and a second-order polynomial as background. In addition, there is a small contribution from Σ c (2520) feed-down which is due to an accidental coincidence of Σ c (2520) and a random pion that produces a rather narrow peak in the M(Λ + c π + π − ) spectrum around 2.68 GeV/c 2 . The details are to be reported elsewhere [23] .
SEARCH FOR ISOSPIN PARTNERS IN
In order to determine the isospin, we search for the isospin partners with
decay modes are not used because the momentum of π 0 in these modes is low and thus the background level is very high. The ratio for the product of cross section and branching fractions between I 3 = 0 and I 3 = ±1 states (R I )
where σ i is the production cross section for the I 3 = i states, B ±1 is the branching fraction for the I 3 = ±1 states decaying into Σ c (2455) ++/0 π 0 decay modes, and B 0 is the sum of the branching fractions of the I 3 = 0 state decaying into Σ c (2455) ++ π − and Σ c (2455) 0 π + , is measured. If we assume the cross sections are the same for I 3 = +1 and I 3 = −1 and all the branching fractions are the same, this ratio simplifies to
If resonances are observed with masses and widths close to those of the I 3 = 0 state, it is strong evidence that the isospin is one. If resonances are not observed and obtained upper limit for the R I is much smaller than one, it is strong evidence that the isospin is zero. In this analysis, the signal region, defined as 2.65 GeV/c Table I . The obtained 95% C.L upper limit for R I is 0.09, which is much smaller than unity, demonstrating that isospin of Λ c (2765) + is indeed zero. This is consistent with the fact that the state was not seen in the Λ + c π spectra by Belle [24] , that would be an expected decay mode of an excited Σ c baryon. The isospin is determined to be I = 0, therefore the name should indeed be Λ c (2765) + . The result is rather inconsistent with the most recent quark model calculation [4] , but not with the older ones [2, 3] . Also, some theoretical predictions are ruled out by the result. However, in order to discuss the nature of this state in more detail, the determination of its other quantum numbers (i.e., spin and parity) is highly desirable and we are planning a publication on this subject, using this data set, in the near future.
